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ABSTRACT 



A communication system 100 for determining the opti- 
mum direction (206) for transmitting and receiving a 
signal in a radio comprises a receiver for receiving a 
carrier signal being a time divided signal having an 
instruction signal, a transmitter for transmitting a time 
divided signal, a directional antenna (10) coupled to said 
receiver and transmitter, and a steering device (28) for 
changing the phase of the carrier signal in accordance 
with the instruction signal. 

19 Claims, 5 Drawing Sheets 
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FIG. 3 is a block diagram of a telecommunications 
TELECOMMUNICATIONS SYSTEM USING system using directional antennas in accordance with 

DIRECTIONAL ANTENNAS the present invention. 

FIG. 4 is a TDMA time slot arrangement in accor- 
TECHNICAL FIELD 5 dance with the present invention. 

. . „ . , . FIG. 5 is a another TDMA time slot arrangement in 

This i invention rela es generally to accordance with the present invention, 

nas and more particularly, to directional antennas used FIQ 6isaflow chart ofthe < igatiam for the selec- 
m portable communication systems. ^ ^ optimum menm dire ^ on 

BACKGROUND 10 DETAILED DESCRIPTION OF THE 
The tremendous growth in the use of cordless tele- PREFERRED EMBODIMENT 
communications systems has increased the demand for a Refenin tQ piG thefe js shown g block di 
system having high capacity, high quality commumca- of a telecommunications systcm m that preferably uses 
tions and small, mexpensive subscriber units. Tht : basis , 5 m electromcall controlled directional antenna in a 
for these characteristics is primarily low power digital We c^^tion unit such as a portable two 
transmission and small micro-ceils. As low power tech- £ fadio for ^ ste€fin or « $we e pm g» the an- 
nology advances, the limitations will be the transmit tenna Preferab i y , the signal quality received at the 
power and/or the feasibility of smaller cells. Of course, ble ^^maHon unit determines the antenna 
these limitations have inherent problems as well as in- 2Q stccrmg< The best "signal quality" could mean the best 
herent benefits. ^ . . signal strength, the best signal-to-noise (S/N) ratio, 
If the transmit power in a portable subscriber unit is signa i. t o-interference (S/I) ratio, or other signal quality 
reduced, the likelihood of decreased range and cell size determining factor. This system is preferably for use in 
naturally follows. Use in densely populated areas such a pmtMt transceiver and/or a base station, 
as urban and indoor environments results in greater 25 Tne telecommunications system 100 preferably com- 
multipath effects. This would limit the data rates avail- prises ^ antenna i0 couplcd t0 a signal processor 
able for use within the system. Decreased cell size & and an antenna switch 12. The antenna switch 12 is 
would result in more base station sites, greater infra- COU pled to a preselector filter and amplifier U on the 
structure, and an increased number of handoffs between reC eive side while a power amplifier 24 and transmitter 
cells. Other system problems may exists as well, includ- 30 upmixcr 2 6 are coupled to the transmit side of the an- 
ing the ability to implement a portable controlled hand- tmA sw j tc h u. The preselector filter 14 provides a 
off, and compensating for an unexpected propagation frequency signal to a mixer 16. The mixer 16 
environment (e.g., irregular cell shapes, moving objects, mixes the carr j er frequency signal with an injection 
etc.). Therefore, a need for compensating for these signal from a voltage controlled oscillator (VCO) 22 
limitations exists. 35 through splitter 20 which is preferably coupled to a 
Using a directional antenna provides increased sys- programmable synthesizer 30. The mixer 16 provides an 
tern gain in a limited direction by reducing the system intermediate frequency which is demodulated by a de- 
gain in other directions. The use of a plurality of anten- modulator 18. The demodulator 18 provides a feedback 
nas and/or a means of steering a given number of anten- s j gna i t0 both the transmitter upmixer 26 and the signal 
nas in addition to measuring signal quality (in a given 40 processor 28. The feedback signal from the demodula- 
direction) would allow the selection of a particular t or 18 to the microprocessor is preferably a radio signal 
direction to achieve improved system gain. Antenna strength indicator (RSSI) signal 50 and/or a recovered 
arrays are typically used to steer an antenna beam elec- <j a ta signal 31. Also, a splitter 20, coupled between the 
ironically. The array typically consists of antenna ele- mixer 16 and the voltage controlled oscillator 22 pro- 
ments such as dipoles or slots, waveguides or horns, and 45 vides the injection signal to the transmitter upmixer 26. 
microstrip antennas or other configurations. These ar- Optionally, a pager antenna array 46 is coupled to the 
rays can be electronically steered by phase shifting the signal processor 28. In this manner, the telecommunica- 
reception or transmission signal. Of course, other means tions system 100 can scan for pager signals received at 
of steering an antenna (including mechanically rotating) the pager antenna array 46 as well as the signals re- 
would be within contemplation of the present inven- 50 ceived by the antenna array 10. 
tion. Referring to FIG. 2, there is shown a more detailed 

SUMMARY OF THE INVENTION ^^1£^SSS^S^ 

A method for improving telecommunications using a ably comprises an antenna array 10 having a plurality of 

directional antenna in a radio-frequency communica- 55 antennas 9 coupled to phase delay circuits 11 respec- 

tions system comprises the steps of transmitting an in- tively, which will continuously vary the progressive 

formation signal having a training signal at a first radio, phase between the antennas controlled by the signal 

receiving the information signal at a second radio hav- processor 28. Optionally, a pager (not shown) is cou- 

ing a plurality of antenna settings and then steering the pled to the signal processor 28 as previously discussed, 

antenna in a setting in accordance with the training 60 The antenna array 10 is coupled to the signal processor 

signal. 28 which preferably comprises a microcomputer 29 

_ T „ ^ A „„,^„ such as the Motorola 68HC11, preferably having any 

BRIEF DESCRIPTION OF THE DRAWINGS cornbination of ra M , RO M, and/or EEPROM, and a 

FIG. 1 is a block diagram of a transceiver in accor- digital to analog converter interface 27." The antenna 

dance with the present invention. 65 array is also coupled to an antenna switch IC 12 which 

FIG. 2 is a more detailed schematic block diagram of may serve to selectively split the receive and transmit 

the transceiver of FIG. 1 in accordance with the present signals. The antenna switch 12 is preferably coupled to 

invention. a preselector filter and amplifier U on the receive side, 
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The preselector filter and amplifier 14 preferably com- wise, the present invention could function between 
prises a Radio Frequency (RF) amplifier 40 coupled portables communication units having scanning direc- 
between a pair of two pole filters 32 and 34 to provide lional antennas themselves. 

four poles of filtering for Radio Frequency (RF) front The present invention preferably incorporates the 
end selectively. The preselector filter and amplifier 14 5 systems of time division, and more particularly, time 
provides a carrier frequency signal of about 864 MHz to division multiple access (TDM A) and time division 
a mixer 16. The mixer 16 mixes the carrier frequency duplex in addition to frequency division. Thus the same 
signal with an injection signal (about 791 MHz) from frequency is used for a base station transmit and receive, 
voltage controlled oscillator 22 (preferably including a but offset in time. Also, multiple base or portable trans- 
buffer and a X3 multiplier as is known in the art) which 10 mit slots exist in a frame where a base or portable trans- 
is preferably coupled to a programmable synthesizer 30. mits in at least two slots on the same frequency. Thus, a 
The mixer 16 provides an intermediate frequency signal frame of time, and slots within the frame of time in one 
of about 74.4 MHz which is demodulated by a demodu- frequency carries information to "train" or select the 
lator 18, preferably after a saw filter 42 which filters out antenna direction offering the best signal quality. Using 
the unwanted signals. The demodulator S8 preferably 15 this format, a base station or a portable or both could 
comprises a zero intermediate frequency (IF) IC 19 use at least one slot (or a portion of a slot) per frame to 
which amplifies and down converts the intermediate -train" or select the antenna direction, 
frequency to a baseband signal for further processing. Referring to FIG. 4 and FIG. 5, there is shown a 

A power amplifier 24 IC and transmitter upmixer IC typical TDMA time slot arrangement in accordance 
26 is preferably coupled to the transmit side of the an- 20 with the present invention. In FIG. 4, slots 302, 306, 
tenna switch 12. Preferably, a 3 pole filter 38 is coupled 310, and 314 are base transmit slots while slots 304, 308, 
between the upmixer 26 and the power amplifier 24. 312 and 316 are base receive slots. Using the format 
Preferably, the three pole filter 38 in the transmit path shown, the portable unit 202 (of FIG. 3) uses at least one 
filters any undesired signals out of the transmitted spec- slot (306, but slot 302 could have been used as well) per 
trum. The Zero IF IC 19 provides feedback signals to 25 frame to select the antenna direction and another two 
both the transmitter upmixer 26 and the signal processor slots (312 and 310) within the frame to receive and 
28. The feedback signal from the demodulator 18 to the transmit to the base station 200. The training time slot 
signal processor 28 is preferably a RSSI (received signal 330 in this instance is slot 306 and the assigned time slots 
strength indicator) signal 50 and/ or a recovered data 340 for transmitting and receiving are slots 310 and 312. 
signal 51. Baseband data through the demodulator 18 30 Again, the present invention is not restricted to the 
preferably provides the signal processor 28 with the assigned slot arrangements shown, 
recovered data signal 51. Also, a splitter 20, coupled Alternatively, "training" time may be added to the 
between the mixer 16 and the voltage controlled oscilla- beginning of a base station transmit slot, in which case 
tor 22 splits the injection signal to the transmitter up- only one base transmit slot is required. Referring to 
mixer 26 and the mixer 16. Finally, another 3 pole filter 35 FIG. 5, the training time slot 309 is within the assigned 
36 is preferably coupled between the splitter 20 and the time slots 342. More particularly, the training time 309 
VCO 22. takes up a portion of the base transmit slot 311, while 

Referring to FIG. 3, there is shown a base station 200 slot 312 remains as the base receive slot. Otherwise, the 
and a typical base coverage area 204 providing a fairly frame 300 of FIG. 5 is substantially the same as the 
consistent cell pattern. In the preferred embodiment, 40 frame 300 of FIG. 4. Due to the reciprocity in the prop- 
the base station 200 would provide consistent cell pat- agation environment, the direction selected to receive 
terns preferably using omni or sectored antennas with the base station signal is equally valid to transmit to the 
no time-varying aiming or steering of the base station base station on the same or nearby frequency, assuming 
antennas. This permits the portables to control the the propagation environment is essentially stable since 
handoff process by measuring signal quality (i.e., signal 45 training was performed. Thus it is desirable to minimize 
strength) of other communication resources such as the elapsed time between training and receive/transmit, 
other base stations, portables, frequencies, channels, or consistent with the characteristics of the propagation 
time slots within frequencies to determined when an environment. 

intra-cell handoff is indicated. A portable communica- Referring to FIG. 6, there is shown a typical algo- 
tion unit 202 having a directional antenna (not shown) 50 rithm that could be used with the present invention for 
provides a radiation pattern substantially as shown with the selection of an antenna direction. First, a transceiver 
its antenna steered in various positions, the radiation would need to receive a "training*' signal in the training 
pattern being a function of the antenna or antennas and time slot (402). Then the transceiver, (preferably the 
the surrounding environment. The radiation direction portable communication unit) would scan by "sweep- 
208 does not provide the strongest signal quality for 55 ing" the antenna (4©4) preferably using a scanning 
communications between the base station 200 and the means and then measure the signal quality in each an- 
portable communication unit 202. The selected direc- tenna direction (406) preferably using a signal quality 
tion 206 provides the best signal quality, and after scan- measuring means. The best antenna direction is selected 
ning and measuring for signal quality, the portable com- (408) preferably using a steering means which steers the 
munication unit 202 selects the direction 206. Of course, 60 antenna in the direction providing the best signal qual- 
the present invention is applicable to all radios (either ity. Once the best direction is assigned, then normal 
mobile, portable, or base station) preferably using a time communications can proceed (410). However, if it is 
divided signal system such as in a TDMA system. Thus, later determined that the chosen direction is inadequate 
the same scheme functions where the base station has (412) or not optimal, another direction may be selected, 
the scanning antennas and functions essentially as the 65 For example, if the receive time slot is corrupted, the 
portable communication unit 202. Additionally, in an- portable communication unit may about decoding the 
other embodiment, both the base station and the porta- slot and use the remainder of the slot to "train" or select 
ble would have scanning directional antennas. Like- a new direction to use for the transmit time slot. Also, 
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the algorithm may store the past history of directions 
(411), including alternate choices in order to make a 
better decision when choosing antenna direction. 

In the preferred embodiment, the base stations trans- 
mit in a consistent cell pattern as shown in FIG. 3 pref- 5 
erably using omni or sectored antennas with no time- 
varying aiming of the antennas. Again, this allows the 
portables to control the handoff process by measuring 
the signal quality of other communication resources 
such as other base stations, portables, frequencies, chan- 10 
nels, and other time slots before determining when an 
intra-cell or inter-cell handoff is indicated. However, it 
may be desirable to implement electronically controlled 
directional antennas at the base stations using a scheme 
similar to the one used in the portable. This results in a 15 
further reduction in required transmit power from the 
portable and base station as well as a further increase in 
the frequency re-use factor (traffic capacity) of the 
system. One method of implementing this scheme pres- 
ently would be to allow the portable communication 20 
units to transmit additional "training" time at the begin- 
ning of their transmit slot to permit the base station to 
sweep (scan and steer) antenna direction and determine 
the optimum direction to receive and transmit to the 
portable. Even with the base station using a steering 25 
antenna as well, it is still possible for the portable com- 
munication units to have a controlled handoff if base 
stations transmit in a consistent cell pattern in one or 
more time slots. This consistent pattern would also be 
used when broadcasting to the portable communication 30 
unit such as when the base station calls the portable 
communication units. 
What is claimed is: 

1. A device in a communication system capable of 
determining the optimum direction for receiving and 35 
transmitting a signal, comprising: 

a receiver for receiving a carrier signal being a time 

divided signal; 
at least one directional antenna being an array of 

phase delay antennas coupled to the receiver; 40 
scanning means for sweeping the directional antenna 

in different directions within a TDMA time frame; 
signal quality measuring means for determining an 

optimum antenna direction within the TDMA time 

frame; 45 
steering means for selecting an optimum antenna 

direction; and 
transmitting means coupled to said steering means for 

transmitting on said directional antenna according 

to said selected optimum antenna direction. 50 

2. The device of claim 1, wherein said device com- 
prises a pager. 

3. The device of claim 1 

wherein the steering means comprises the change in 
phase of the carrier signal in accordance with the 55 
received time divided signal having a training sig- 
nal. 

4. A device in a communication system capable of 
determining the optimum direction for receiving and 
transmitting a signal, comprising: 

a receiver for receiving a carrier signal being a time 
divided signal; 

at least one directional antenna coupled to the re- 
ceiver; 

scanning means comprising a microprocessor and an 
array of phase delay antennas for sweeping the 
directional antenna in different directions within a 
TDMA time frame; 



6 

signal quality measuring means for determining an 
optimum antenna direction within the TDMA time 
frame; 

steering means for selecting an optimum antenna 

direction; and 
transmitting means coupled to said steering means for 
transmitting on said directional antenna according 
to said selected optimum antenna direction. 
3. A portable radio used in a communication system 
capable of determining the optimum direction for trans- 
mitting and receiving a signal, comprising: 
a receiver for receiving a carrier signal being a time 

divided signal; 
a transmitter for transmitting a time divided signal; 
at least one directional antenna being an array of 
phase delay antennas coupled to the receiver and 
the transmitter; 
scanning means for sweeping the directional antenna 
in different directions within a TDMA time frame; 
signal quality measuring means for determining an 
optimum antenna direction within the TDMA time 
frame; and 

steering means for selecting an optimum antenna 
direction. 

6. The radio of claim S 

wherein the steering means comprises the change in 
phase of the carrier signal in accordance with the 
received time divided signal having a training sig- 
nal. 

7. A radio used in a communication system capable of 
determining the optimum direction for transmitting and 
receiving a signal, comprising: 

a receiver for receiving a carrier signal being a time 

divided signal; 
a transmitter for transmitting a time divided signal; 
at least one directional antenna coupled to the re- 
ceiver and the transmitter; 
scanning means comprising a microprocessor and an 
array of phase delay antennas for sweeping the 
directional antenna in different directions within a 
TDMA time frame; 
signal quality measuring means for determining an 
optimum antenna direction within the TDMA time 
frame; and 

steering means for selecting an optimum antenna 
direction. 

8. A communication system capable of determing the 
optimum direction for transmitting and receiving a 
signal in a radio, comprising: 

a receiver for receiving a carrier signal being a time 

divided signal; 
a transmitter for transmitting a time divided signal; 
at least one directional antenna coupled to the re- 
ceiver and the transmitter; 
scanning means for sweeping the directional antenna 
in different directions within a TDMA time frame; 
signal quality measuring means for determining an 
optimum antenna direction within the TDMA time 
frame; and 

steering means for selecting an optimum antenna 
direction wherein the steering means comprises the 
change in phase of the carrier signal in accordance 
with the time divided signal having' a training sig- 
65 nal. 

9. A communication system capable of determining 
the optimum direction for transmitting and receiving a 
signal in a radio, comprising: 
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a receiver for receiving a carrier signal being a time 

divided signal; 
a transmitter for transmitting a time divided signal; 
at least one directional antenna having an array of 

phase delay antennas coupled to the receiver and 

the transmitter; 
scanning means for sweeping the directional antenna 

in different directions within a TDMA time frame; 
signal quality measuring means for determining an 

optimum antenna direction within the TDMA time 

frame; and 

steering means for selecting an optimum antenna 
direction. 

10. The communication system of claim 9 

wherein the steering means comprises a signal proces- 13 
sor having a microcomputer and a digital-to-analog 
converter. 

11. The communication system of claim 9 
comprising a portion of an assigned TDMA time slot 

within a TDMA frame 

12. A communication system capable of determining 
the optimum direction for transmitting and receiving a 
signal in a radio, comprising: 

a receiver for receiving a carrier signal being a time 
divided signal; 

a transmitter for transmitting a time divided signal; 

at least one directional antenna coupled to the re- 
ceiver and the transmitter; 

scanning means for sweeping the directional antenna 
in different directions within a TDMA time frame; 30 

signal quality measuring means for determining an 
optimum antenna direction within the TDMA time 
frame; and 

steering means for selecting an optimum antenna 
direction wherein the steering means comprises a 
microprocessor and an array of phase delay anten- 
nas. 

13. A communication system capable of determining 
the optimum direction for transmitting and receiving a 
signal in a radio, comprising: 

a receiver for receiving a carrier signal being a time 
divided signal; 

a transmitter for transmitting a time divided signal; 

at least one directional antenna coupled to the re- 
ceiver and the transmitter; 

scanning means for sweeping the directional antenna 
in different directions within a TDMA time frame 
and wherein the scanning means comprises a mi- 
croprocessor and an array of phase delay antennas; 

signal quality measuring means for determining an 50 
optimum antenna direction within the TDMA time 
frame; 

steering means for selecting an optimum antenna 
direction. 



35 
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45 



receiving said information signal by said array of 
antennas; 

steering said array of antennas in a setting in accor- 
dance with said training signal within a TDMA 
time frame; 

transmitting by said array of antennas in accordance 
with said training signal within the TDMA time 
frame; 

wherein said training signal comprises a portion of a 
time slot within said TDMA time slot arrangement. 

15. In a radio-frequency communications system, a 
method for improving telecommunications using a di- 
rectional antenna, comprising the steps of: 

at a first communication unit: 

transmitting in an omni pattern an information signal 

having a training signal; 
at a second communication unit having an array of 

phase delay antennas with a plurality of antenna 

settings: 

receiving said information signal by said array of 
antennas; 

steering said array of antennas in a setting in accor- 
dance with said training signal within a TDMA 
time frame; and 

transmitting by said array of antennas in accordance 
with said training signal within the TDMA time 
frame; 

wherein said omni pattern allows for the steering of 
said directional antenna and for a handoff con- 
trolled by said second communication unit. 

16. In a communication system, a method of aiming 
an antenna primarily based on signal quality received 
during directional scanning, comprising the steps of: 

at a base station: 
(a) transmitting a TDMA information signal on a 
given frequency wherein said TDMA informa- 
tion signal includes a training signal comprising a 
portion of a time slot within a TDMA frame; 

at a portable communication unit: 

(a) receiving said TDMA information signal; 

(b) scanning for the information signal having the 
best signal quality from all possible antenna di- 
rections within a TDMA time frame; 

(c) measuring the signal quality of each information 
signal within the TDMA time frame; and 

(d) assigning a given antenna direction based on the 
optimum signal quality received. 

17. The method of claim 16, wherein said method of 
aiming an antenna comprises the further step of: 

(e) continuing to measure for an optimum signal qual- 
ity for each information signal and reassigning the 
antenna direction before the signal becomes cor- 
rupted. 

18. The method of claim 16, wherein said method of 



14. In a radio-frequency communications system, a 55 aiming an antenna comprises the further step of: 



method for improving telecommunications using a di- 
rectional antenna, comprising the steps of: 
at a first communication unit: 
transmitting an information signal having a training 

signal; 60 
at a second communication unit having an array of 
phase delay antennas with a plurality of antenna 
settings: 



(0 storing a history of antenna directions. 
19. The method of claim 16, wherein said method of 
aiming an antenna comprises the further step of: 
(g) controlling the handoff process by measuring the 
signal quality of other communication resources 
and determining when an inter-cell or intra-cell 
handoff is indicated. 

0 0 0 0 0 
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